Abstract. The problems discussed in the study are connected with evaluation of complex technical systems functioning, in particular, transport systems. It was assumed that evaluation of their functioning depends on fulfilment degree of selected criteria. Therefore, it is important to determine a set of criteria including their type, number and importance. Since the research object is a public city transport system considered to be a sociotechnical system of the type: human (driver) -machine (vehicle) and the environment <H-M-E>, the criteria to be used for the assessment must include behavior of humans, operation of transport means, and the environmental impact. Thus, selection and determination of importance of significant, time variable, measurable and independent characteristics whose values, in a given time moment or a given time interval, define fulfillment degree of the criteria provide the basis for evaluation of such systems functioning. The quality of technical systems functioning in time is assessed on the basis of the criteria fulfilment degree or comparison and classification of different systems of the same type. It needs to be emphasized that the choice of optimal methods for selection of relevant criteria and determination of their impact on the analyzed system functioning is the research subject of study.
Introduction
The choice and specification of assessment criteria for complex operating systems, including the analysed transport ones, from the point of view of their functioning quality evaluation, is an important research problem. A criterion is defined as fulfilment degree of assumed requirements. At the same time, selection of the most important assessment criteria, whose fulfilment degree are values of independent and measurable features describing a given system, was carried out.
The notion of a transport system quality covers a set of its features expressed by means of numerical values, in a given time t or fixed time interval (t+t), determining the fulfillment degree of the specified criteria (its users requirements) [1] .
In connection, with the above, in order to build an assessment model for a given system, it is necessary to establish the number and significance of the assessment criteria to be used for determination of characteristics describing the system in terms of its functioning quality evaluation. The assessment process involves referring each criteria from set X to the characteristics they describe and determining, on this basis, whether and to what extent the criteria have been fulfilled in given time t (during assessment).
Having in mind adequacy of the constructed resultant models, it needs to be emphasized that identification and determination of the assessment criteria significance is an important issue in diagnosis and analysis of the system functioning. Therefore, this study uses selected methods for evaluation of the criteria significance and analyzes them in terms of resultant approach to the set of the most important criteria.
A research method and a resultant model for transport systems operation quality assessment has been developed on the basis of literature and the author's own study The developed method enables assessment and comparison of operation quality of different transport systems of the same type. It is also one of rational diagnostic factors of the processes carried out within the discussed systems, depending on value changes of the characteristics describing actions of operators, controlled by them objects, and the environmental impact. For this purpose, metrics to be used for transport system operation quality assessment, have been developed. Values of the metrics described by dependence (1), are determined basing on the values of significant features describing the system, taking into account the values of weights attributed to particular features. A random process is defined for the analyzed system:
where:
It should be emphasized that determination of a set of the most significant assessment criteria to be used for identification of significant characteristics consistent with the accepted criteria and establishing their significance is an important task for determination of a given system functioning quality assessment [2] [3] .
Further, in the next section of this paper, methods applied in the process of selection of the most significant criteria to be used for development of a resultant model for functioning quality assessment of a transport means operation system, will be presented.
Research object
The research object is a real, complex, transport system, providing passenger transport services in an urban agglomeration and suburban areas. This is a socio-technical system of the type < H-M-E> (Human -Machine -environment) in which the operation quality assessment is carried out in dependence on changes of values of features describing behavior of operators, controlled by them technical objects and the environmental impact [4] .
The basic goal of a transport system operation is providing passenger transport services in a given area, in a given quantity and in a given time. Providing the systems with the required operation quality including efficiency, reliability, safety and economy is the main task in the process of their operating [1, 5-10].
The considered system consists of major subsystems such as: management subsystem, subsystem ensuring operation continuity (providing vehicles with usability, diagnostic, fuel supply), and executive one consisting of elementary subsystems of the type <H -TO> (driver -bus) and the environment as a cooperating system which has a direct impact on the technical system and its subsystems functioning.
A research survey was carried out whose goal was to determine a set of the most important criteria to be accepted for evaluation of the transport system operation quality. It was conducted by a group of experts, including workers employed in the considered transport system, and academic workers who conducted the research on optimization of the processes involved in the system functioning.
On the basis of a survey conducted by the study authors, a set of sixteen criteria, which were assessed by respondents, was determined. These criteria included: safety, efficiency, availability, accessibility, ergonomics, environment friendliness, usability, atmospheric factors, damageability, esthetics, informativeness, timeliness, reliability, transport task accomplishment time, external factors and punctuality.
The statistical group (respondents) were users of the analyzed system, different in terms of gender, age, education and occupation. The user was a statistical unit, and the number of respondents was N=100. Significance of the evaluated criteria, expressed according to a grading scale {0,1,...,10}, was the variability criterion.
It was assumed that the significance threshold for a criterion to be accepted was 5 points [2] , according to the applied grading scale.
On the basis of the performed survey research, mean values of grades given to particular criteria, were determined. On the basis of the obtained survey results, a statistical analysis was made and histograms of distributions of grades obtained for particular criteria were determined. In order to check the correlation between particular criteria and find out whether the analyzed set of criteria in redundant, a test of the correlation coefficient significance was performed [1, 2] .
According to the correlation coefficient significance test it can be said that particular criteria are strongly correlated. On the basis, of the results of analysis it can be said that the obtained criteria make up a redundant set. This means that some of the considered criteria can be neglected, with slight loss of information conveyed by the criterion, as the remaining, strongly correlated criteria include this information.
An analysis of statistical tests results, especially of the arithmetic mean being the most effective, not burdened estimator of an unknown expected value, proves that users of the analyzed transportation system are of the opinion that the most significant criterion is the system safety (9.35) and timeliness (8,96), which were given the maximal number of pints by more than half of the respondents. Besides, values of the variability coefficient for these criteria, within the analyzed set, are the lowest, respectively: 9.99% and 10.2%. This means that the responses given by the respondents on the subject of the above criteria are the least diversified. The criteria of the service performance time and reliability were given 8 points on the average, which also makes them significant and they need to be accepted in the process of the considered system functioning quality assessment.
However, the least significant, from the point of view of the surveyed respondents, were: informativeness and esthetics which were graded from 3.91 to 4.53 points. It means that from the point of view of the operation quality assessment, these criteria are of small significance and can be omitted. Moreover, the differences that occur in the analyzed set of criteria are found to be the highest for the same features, which reflects the users' lower precision while providing their values. 
The analysis of test results of Ho hypothesis: R=I shows that, for a very low p-value, it is necessary to reject the null hypothesis. This means that it is justified to use the principal component method. th International Conference Diagnostics of Machines and Vehicles
The principal component analysis enables determination of linear transformation of the form: Z = A X, Next, the second component is determined so that variance of variable Z2 will be maximal for proper limits.
One of the main reasons for using the principal component analysis is verification of hypothesis of the form: H0 : λk+1 = λk+2 = … = λp, (7) In relations to the alternative hypothesis H1 : not all λk+1, λk+2 , … , λp are equal. Testing statistics for H0 hypothesis has the form:
where: χ2 has distribution, χ2 z df = q(q+1)/2 -1, q = n ─ k degrees of freedom for the assumption that the hypothesis is true. Statistical hypothesis described by dependence (7) was successively verified for k=0,1,2,…,p-2. The analysis of data contained in table 2 shows that all the proper values differ significantly statistically, for significance level p < 0.033. figure 1 .
Fig. 1. Chart of avalanche for the analyzed data set.
An analysis of the above chart shows that it gets stabilized along with the growth of the proper value number. However, the stabilization degree is different which has been shown before in statistical tests.
Whereas, an analysis of the assessment results obtained from set (N=100) shows that all proper values are statistically different. On this basis, it can be said that the considered set of criteria should not be reduced to their subsystems. Distinct differentiation in the speed of the avalanche curves stabilization, confirms advisability of further study on the differences between the criteria and their statistical dimensionality.
Application of Analytic Hierarchy Process (AHP)
In this study a set of 16 criteria is defined according to scale from 0-10, where grade 10 refers to the most significant criterion. In order, to determine the resultant weight of a particular criterion, a table with comparison of criteria pairs (each with each), has been presented, according to AHP method [14] . The number of the verse and column of each element denotes the number of the compared criteria, whereas, a comparison between criterion i and j is, according to the reasearch, a difference in significance degree between criterion i and j, in the element of verse i and column j. For calculations of a transport system functioning quality it is better to use the weight of criteria established for the AHP method as their values approach to 1, which reflects relative degrees of the criteria significance in relation to each other. For this purpose, a transformation was made, according to the dependence described in work [ Whereas, it seems that a better method for reduction of the criteria number is to take into consideration only three criteria whose weight is larger than the half of weight of the most significant criterion. The considered criteria are presented in the tables in italics. In further research on the subject, of a given transport system operation quality, the determined criteria will provide basis for its assessment whereas, their fulfillment degree will be crucial for the analyzed transport system operation quality.
In connection, with the above, for further research on the analyzed transport system operation quality, the following criteria have been accepted: safety, efficiency, availability, ergonomics, punctuality, damageability and reliability. 6 
Conclusions
In this study, methods for selection and determination of significance of criteria necessary to carry out the assessment process of the research object functioning quality, have been presented. On the basis, of the obtained results, it can be said that, each particular, method yielded divergent data -criteria sets with different significance.
It should be noted that sets of the most significant criteria have been distinguished on the basis, of applied statistical analysis and the AHP method. However, the results obtained with the use the PCA method show that all eigenvalues are statistically different. On this basis, one can conclude that the considered set of criteria should not be reduced to their subsets. A distinct differentiation of the avalanche curve stabilization speeds (Fig. 1) shows that it is advisable to carry out further research on particular criteria and analyze their statistical dimensionality.
However, it is possible to determine one subset of significant criteria, representative for this study, by analyzing particular results and comparing them with each other.
Thus, on the basis of the obtained results, it was possible to identify from a set of 16 criteria, the most significant ones: safety, efficiency, availability, atmospheric factors, timeliness, reliability, external factors and punctuality.
In connection with the above, it should be emphasized that in order to evaluate usability of methods it is advisable to compare different ones, as using only one method does not guarantee that it is the most suitable one, and the obtained results are the most optimal from the research point of view.
